INSTRUCTION
Images in the process of acquisition and transmission are easy to be disturbed by various factors, such as dust, sensitive element sensitivity which makes the images contain a lot of noise and reduces the visual quality of the image, influence the further analysis of the deeper image-processing (such as pattern recognition, feature extraction, texture analysis, etc.). Therefore, it is an important preprocessing step [1] to remove or reduce the noise.
Image de-noising is an old and classical problem in the image restoration field. Experts and scholars at home and abroad have studied various de-noising algorithms, such as median filter, neighborhood average method, Gauss filter, Wiener filter and other traditional noise reduction algorithms. Many scholars have put forward improved algorithms based on the above algorithms [2] [3] [4] .
In recent years, wavelet analysis has shown a better performance in image de-noising, and a lot of image de-noising algorithms based on wavelet analysis have been produced [5] [6] [7] [8] [9] [10] [11] [12] . Many experts and scholars have studied and put forward some new methods of wavelet de-noising algorithms. Although the wavelet transform method can effectively separate the image signal and the noise signal according to the characteristics of the signal and noise correlation in the frequency domain, but it can only approximate the optimal solution instead of the optimal in the signal space, which makes the image after image recovery is not the optimal results.
Existing image de-noising method always use a single de-noising method for the image de-noise processing, rarely algorithms use hybridization denoising methods to remedy the defects in each image de-noise method and give full play to their advantages. Wavelet domain de-noising method based on Bayesian estimation theory is a wavelet domain de-noising method in recent years, which is better than the method of threshold filtering.
Inspired by literature [12] , in order to improve the existing image de-noising algorithms, the paper proposed an improved de-noising algorithm based on Bayesian estimation which combined the two different methods: wavelet domain Bayesian estimation de-noising and Wiener filtering, extracted the respective advantage of the two methods to get better image de-noising effect. 
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is known, the estimated value of the non-noise signal can be obtained by solving the minimum conditional risk Bayesian estimation.
‫ݔ‬ ො = arg min ௫ ො ‫‬ ‫,ݔ‪ሺ‬ܮ‬ ‫ݔ‬ ොሻܲሺ‫ݕ|ݔ‬ሻ݀‫ݔ‬ (1) Different cost functions get different estimator. Combined with the Bayesian theorem, we can get maximum a posteriori (maximum a posteriori, MAP):
From the formula (2), we can get that the Bayesian estimation of the noise free signal depends on the noise distribution and the prior distribution, but not on the threshold setting When a zero mean Gaussian distribution as prior distribution to determine the distribution of signal to noise and a priori, substitute it into formula (2) can obtain the MAP estimation of the Gaussian prior distribution as:
In order to obtain the distribution parameters, the variance of the noise signal ‫ݕ‬ is obtained by using the spatial adaptive technique:
The estimation formula for the standard deviation of the noise free signal is as follows:
If the variance is unknown, it is needed to estimate the noise variance based on the image to be processed.
THE HYBRID WAVELET DE-NOISING ALGORITHM
Hybrid wavelet de-noise algorithm is combined with wavelet domain Bayesian estimation de-noising and Wiener filter, respectively as male and female parent in hybrid. In genetic terminology, the de-noised image is as a gene vector, through the introduction of high quality gene, gene recombination and mutation weakened or devour inferior genes, high quality image can be obtained as an evolution. The implementation process of the algorithm is as the following steps:
Encoding
Suppose the size of the image is 256 × 256 , denoted as ‫ܯ‬ሺ256, 256ሻ, the encoding mode are as follows: Transform the image matrix into vectors as ‫ܥ‬ሺ65536, 1ሻ, take 8 elements as a unit to segment the column vector ‫,ܥ‬ we can get 4096 segmentation. The 4096 row vectors are arranged in a new matrix, which can be expressed as formula (6) .
The image matrix ‫ܯ‬ሺ256, 256ሻ is encoded into a population of 4096 individuals, the length of which is 16, that is, 11 loci for each individual.
Fitness Function
This paper uses a formula which can reflect the same nature as the variance and standard deviation as the fitness function. ܸሺ݅ሻ = 1 ሺ∑ ‫ݎ|‬ ሺሻ ሺ݇ሻ − ‫̅ݎ‬ ሺሻ | ୀଵ ሻ ⁄ (7) Where: ݅ is the individual (also known as chromosome) number.
Selection Operator
Compute the fitness value of each individual in male parent, and sorting the individual according to the fitness value as ܸ′.
Determine threshold according to the selection rate, then select the individual with the fitness value less than the threshold to execute crossover and mutation. Threshold value is calculated as: ‫ݏݐ‬ = ܸ′ሺ݅ሻ, ݅ = ݊ × ሺ1 − ‫ܽݎ‬ሻ (8) With ‫ܽݎ‬ is the selection rate, ‫ݏݐ‬ is the threshold value, ݊ is the individual number of male parent ܲ ଵ , ݅ is the chromosome number.
Crossover operator
By calculating the fitness value of each gene on the chromosome, the inferior gene can be identified. The computing method is:
‫ݑ‬ ሺሻ ሺ݇ሻ = 1 ‫ݎ|‬ ሺሻ ሺ݇ሻ − ‫̅ݎ‬ ሺሻ | ⁄ (9) ‫ݑ‬ ሺሻ ሺ݇ሻ is the fitness value of the ݇ gene on chromosome ݅.
Then sort the gene on chromosome according to the fitness value as ‫′ݑ‬ ሺሻ . Determine threshold according to the crossover rate, cross the selection of faulty genes. The hybrid method is to replace the male parent's gene with the female parent which has the same number of individuals in the same gene on the condition that the female parent gene loci is greater than male. The process is as formula (10) .
Mutation operator
Calculate the fitness value of each gene on the chromosome, which is the reciprocal of the deviation of the mean value of each gene with respect to the value of the gene on the whole chromosome, as the formula (11) .
Based on the calculated fitness value with formula (11), the gene locus on the chromosome is sorted, denoted as ܾ′. According to the mutation rate to determine the mutation threshold, the gene will be executing the mutation operation when its fitness value less than the threshold. The way of mutation is as follows:
‫ݎ‬ ሺሻ ሺ݇ሻ is the gene value of the ݇ gene locus, ݉ is the gene number.
Decoding
Decoding is the inverse process of encoding which transforms a population ܲ ሺ4096,16ሻ of 4096 chromosomes and the length of each chromosome is 16 into the image matrix ‫ܯ‬ሺ256, 256ሻ.
THE EXPERIMENTAL RESULTS AND ANALYSIS
In order to prove the validity and superiority of the algorithm, the experimental use the common test images Lena to analyze the algorithm. The related parameters of hybrid wavelet transform are shown in Table 1 . In the experiment, four parameters are fixed at each time, and only one parameter is changed.
The algorithm is applied to test the standard gray level image Lena of 256 × 256 pixels. Add different variance Gauss noise on the images with ߪ = {10,30,60,90}.
In order to validate the algorithm's validity, the experiment respectively using the traditional median filtering, mean filter, Gaussian filter, and Wiener filtering to process the Lena image, analyzing and comparing the different methods on the de-noising results. Figure 1 shows the experiment results with ߪ = 90. Figure 1 shows that tradition de-noising method in a certain extent, weakened the image noise and improve the image quality, but there are still many noise points in the image, and edge feature of mean filter method is not clear. f) is the de-noising result which using the proposed method in this paper, we can see that most of the noise points on the image surface has been removed, and the image edge details are also relatively clear.
The peak signal to noise ratio (PSNR) using a variety of de-noising methods on the Lena image are shown in table 2. As can be seen from table 2, the peak signal to noise ratio of hybrid wavelet transform de-noising algorithm on the Lena image de-noising is significantly higher than the traditional de-noising method. Table 3 is the de-noising results of different de-noising methods for different noise levels.
The algorithm proposed in this paper is more suitable for the image with serious noise pollution. And the operating efficiency of the algorithm is analyzed and compared, as shown in Table 4 . 
CONCLUSION
From experimental data analysis, the proposed denoising algorithm can effectively suppress the noise in image, and retain the image edge details; comparing with the traditional de-noising method, the peak signal to noise ratio increased significantly. But due to the hybrid wavelet transform algorithm is based on the idea of the basic genetic algorithm, with the decreasing coding length, the increasing hybrid times, selection rate, crossover and mutation rate, the computational complexity of the algorithm also increases, which makes the running time of the program is long which is needed improving in the future.
